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Fig. 1. Example of an eSLA module with integrated conductive circuits and electrical components. 
 
For the production process of mechatronic devices, it is not only sufficient to have a fast and flexible modification of the part 
geometry but also to enable a flexible integration of mechanical and electronic components in the part. In this context the 
embedded stereolithography could provide a solution for a direct integration of functional components (see Fig. 1). Because of 
the automatic, layered design of the parts it is possible to produce three-dimensional components with a large number of variants 
combined with a maximum flexibility in quantity. The SLA-process enables creation of parts with a high surface quality and 
using high temperature resistant resin materials.     
 
2. Embedded stereolithography 
Stereolithography enables the fabrication of a part from a designed CAD model. The digital data of this model has to be 
placed in the virtual building space of the stereolithography machine. Further support is generated automatically by data 
preprocessing software. This support construction stabilizes the polymerized overhanging parts of the component. As the 
building operation is performed layer wise, the geometrical data of the part and the support construction has to be sliced in 
adequate digital layers with a height of typically 0.1 mm. Each of these layers is fabricated by spreading a liquid photo-resin over 
the building platform with a spreading knife. Afterwards the radiation of an UV laser (Ȝ = 355 nm) is used to cure the material on 
the resin surface according to the given layer information. Finally the building platform is lowered. By repeating this procedure 
the complete component is created layer by layer. 
The idea of embedded SLA is to extend the flexible creation of geometries to electrical and optical functionality. On basis of 
conventional SLA a new hybrid production technology is investigated, which enables the integration and contacting of electronic 
components in parts during the SLA-process by means of stereolithography and laser sintering of conductive adhesive. At first a 
housing shell with cavities is created by conventional SLA. In these cavities functional components like lead frame assemblies, 
printed circuit board assemblies and peripheral components e. g. capacitors or optical transceivers can be placed after removing 
the fluid resin of the cavities by a vacuum pump. However, the cavities cannot be cleaned completely in this process step, so a 
subsequent laser ablation process of the remaining resin is necessary to ensure reproducible and defined placement of 
components and creation of conductive circuits. In the next step, the placed functional components are connected with fluid 
conductive adhesive by a dispensing system. The fluid conductive adhesive is exposed and subsequently sintered by laser 
radiation (Ȝ = 355 nm). After placing the components, the remaining hollows of the cavities are completely filled with resin by 
the coating system of the SLA-machine. By doing this the entire components are wetted by resin and the resin level in the cavities 
is equal to the resin level of the SLA-bath. Finally the upper housing of the connected components is fabricated by continuing the 
building process, see Fig. 2. It is important to note that the embedded structures as well as the components must not overtop the 
current top layer of the part. Otherwise there is a collision between coating system and integrated components respectively 
conductive circuits. Using via or plated through-holes to create conductive joints to conductive circuits in upper layers of the 
SLA-part, it is possible to contact components which are placed in a three-dimensional array.      
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3.3. Dispensing system 
The dispensing process described in Fig. 2 should enable the creation of conductive circuits and the contacting of functional 
components. The used dispenser in this work is the MicroDispensing System MDS 3200A (VermesTechnik). This system is 
suitable for dispensing high viscous media and provides very high frequencies of up to 150 Hz. The dispenser is mounted on a 
Pick and Place system called Speed Mounter², integrated in the SLA-machine. Therefore it is possible to generate 2 ½-D 
structures on the SLA-parts with a speed up to 5000 mm/s. The used conductive adhesive is dispensed by a nozzle having a 
diameter of 200 μm. Testing nozzle with a diameter of 100 μm leads to agglutination of the conductive adhesive.        
3.4. Laser system 
The laser beam source used for laser sintering is a pulsed solid state laser (Nd:YVO4) with wavelength of 355 nm. The 
maximum nominal power is 3 W at a frequency of 40 kHz. The laser beam is focused on the working space after redirecting by a 
scanner system. The sintering process of the conductive adhesive is carried out with a focus diameter of approximately  
d = 50 μm.   
4. Experimental investigations of laser sintering of conductive adhesive 
For the experimental tests concerning the dispensing of the conductive adhesive on the substrates, the dispensed structures are 
lines with a length of 20 mm. By variation of the parameter dispensing velocity vd, the experimental test shall result in creating 
conductive circuits with preferable low heights and low contact angles. The dispensing parameter pressure (p = 6 bar), nozzle 
diameter (dn = 200 μm) and nozzle temperature (tn = 40°C) are used and remain constant according to the manufacturer´s 
recommendation (Panacol, 2009). Additionally dispensing of conductive adhesive with a nozzle diameter of 100 μm was 
investigated as well but the results are not satisfactory. Even raising the pressure, the effect is agglutination within the nozzle due 
to the large particle size of < 10 μm on average.      
For the experimental tests concerning laser sintering of the dispensed conductive adhesive, the test structure is shown in  
Fig. 3. The first laser sintering tests are carried out with a focus diameter of d = 50 μm to get an impression of the interaction 
between laser and material. After dispensing a line, it is necessary to determine a laser parameter for a fast sintering process 
without any thermal damage neither the substrate nor the conductive adhesive. Therefore, the laser sintering strategy of the 
dispensed conductive adhesive consists of exposing in the center of the dispensed line and pursuing the structure with a defined 
velocity vs. The varied laser parameters in the experimental investigations are the laser power PL, the frequency f, the velocity vs 
and the number of loops n, see Fig. 3. In the studies the laser power PL for the sintering process is varied from 0.5 to 2.5 W. The 
investigations can be described by showing three characteristic results. Starting with too low laser power (PL = 0.7 W), rather 
with sufficient laser power (PL = 1.4 W) and ending with too high laser power (PL = 2.2 W). The variation of the focus diameter 
is even a proper parameter have to investigated and will be considered in next studies, especially for contacting electrical 
components by this way.    
The electrical resistance R of the sintered conductive adhesive structure is measured by the four point measurement method. 
In this case, the two pairs of the measurement points are connected to the ends of the conductive circuits. The measured 
conductive circuits are 20 mm in length. The volume of the conductive circuits is primarily depended on the dispensing 
parameter. However, after the sintering process a volume shrinkage is to be expected resulting in the removal of the isolated 
coating enclosing the silver particles (Franke, 2013; Hörber, et al., 2013). The values for height, width and contact angle of the 
structures are measured before and after the laser sintering process. 
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adhesive effects a local melting of silver particles. The result for laser sintering is a lower resistance of the conductive circuits in 
spite of forming pores. The conductive circuits sintered by oven have a significant lower amount of pores within the structures 
but a higher electrical resistance on average as well. 
 The proposed approach can be a suitable solution for manufacturing embedded conductive structures in parts by means of 
laser sintering and stereolithography. Further work will consider the embedding of conductive adhesive, their characterization 
and  the contacting of functional components.  
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